The issue of food safety is increasingly becoming the focus of social concerns, and breakage of packaging film is the main threat to the safety of sealing packaging food. For the small damage that is difficult to see with the naked eyes, according to that the impedance of damaged position is different from that of other position, the discharge signals of sealing packaging food in different damaged conditions are different in high voltage dielectric barrier discharge circuit, and then they are collected and analyzed. In order to solve the problem that different discharge signals are similar and characteristics are confused, wavelet packet and the EEMD method are novelly used to analyze discharge signals and the characteristic parameters of sealing packaging food that is intact or has pinholes are successfully extracted. This method solves the problem that the tiny damage is difficult to identify and detect, and it also provides a new train of thought for online test of sealing packaging food.
Introduction
The issue of food safety has already became the focus of public attention. In the process of packaging, due to the influence of various factors such as leakage sealing and pressure to wear, forming connecting holes inside and outside, these are harmful to the packing contents [1] . As a result, the damaged packaging is one of the major problems to threaten sealing food security. Once the sealing of vacuum packaging and inflatable packaging is not good, the quality of the food will lose the protection, which not only will cause certain economic losses to the enterprise, but also will be a threat to people's health. At present, the sealing test is mainly used in electronic industry. In the flexible packaging industry, sealing monitoring is realized mainly through manual monitoring and water soaking, and these methods are inefficient, time-consuming and prone to failure phenomenon for the pinholes.
For the small damage that is difficult to see with the naked eyes, this article adopts the method of high voltage dielectric barrier discharge to collect discharge signals of sealing packaging food, and through the filter processing and signal analysis of discharge signals successfully extracts the different characteristics between the intact sealing packaging food and those that have pinholes , which provides an important basis for food sealing detection.
Discharge signals acquisition
In this study, the discharge signal is generated: The sealing packaging food is placed in a high-voltage alternating electric field, the packing film equivalent of a dielectric, and then both ends of the positive and negative high voltage circuit are in contact with different ends of the packing film for food by two conductive electrodes; When the high voltage goes through, the discharge phenomenon will occur in the circuit; When there are pinholes on the packing film , dielectric strength of food will change, thus relatively strong dielectric barrier discharge will occur in the circuit [2] [3] . We obtain the discharge signals of packing food that is intact or has pinholes through detecting means, which can provide a basis for the subsequent signal processing and feature extraction.
In the study, the food is placed in a continuous flow of the conveyor belt, and the electrode to communicate the high voltage is fixed just above the gap of the conveyor, and the distance between the conveyor belt and electrode is slightly shorter than the thickness of the food. Taking account of the width of the electrode, the diameter of the conveyor belt and the thickness of the food, in order to ensure that each electrode can sweep over the surface of the food, the rotational speed of the conveyor belt is set at more than 10 bags of food per second. Through U.S. Tektronix MSO4054 oscilloscope to collect discharge signals, in order to ensure the high-frequency discharge signal information is not lost, the sampling frequency is set to 500MHz. The main achievement of the signal acquisition is shown in Figure 1 .
Wavelet Packet Denoising of Discharge Signals
The traditional fourier transform analyzes the signal in frequency. However, the wavelet transforms allows to analysis signal both in time and frequency, and the higher resolution in frequency is required, the lower resolution in time has to be, on the contrary, when the resolution is lower in frequency, the resolution will be higher in time. And with automatic zoom function, the wavelet transform can effectively distinguish mutation part and noise of the signal [4] [5] . Therefore, the wavelet analysis has advantages over the fourier transform analysis in the non-stationary signal processing such as fault diagnosis. And because the wavelet packet transform can be used to decompose the signal into low and high frequency components, and the discharge signal in the high frequency may also contain useful information, so the wavelet packet transform is more appropriate for the preprocessing of the discharge signal.
The general procedures for the signal filter using the one-dimensional wavelet packet method are as follow [6] [7] [8] :
Step I: Decompose the signal based on the wavelet packet algorithm. Choose the appropriate wavelet and the desired level, then decompose the signal using the wavelet packet decomposition algorithm.
Step II: Determine the optimal wavelet packet basis. For a given standard entropy, compute the optimal tree.
Step III: Quantify the threshold value of the coefficients. For each coefficients of the wavelet packet, choose an appropriate threshold and quantify the threshold value.
Step IV: Reconstruct the signal. Reconstruct the wavelet packet according to the lowest decomposition coefficient of the wavelet packet and the coefficients after quantization process.
EEMD Feature Extraction
According to the principle of high voltage dielectric barrier discharge, when the damage of packing film is different, the frequency and amplitude of the discharge signal will change, and then the energy ratio of each frequency segment will change. According to this principle, using EEMD (ensemble empirical mode decomposition ) method，the discharge signal is decomposed into a finite number of IMF(intrinsic mode function)components by highest to lowest, and then we calculate the energy ratio of each IMF, and it will be used as the final characteristic variable. Sensors, Mechatronics and Automation
the Acquisition of IMF Components
In frequency resolution, we can achieve it by using EMD (empirical mode decomposition) method, but there is serious modal mixture in it, and it will have a great influence on the subsequent energy ratio calculation. While the EEMD is an improved method of EMD, it can effectively remove the modal mixture. So we would use the EEMD method to get the IMF components.
The so-called IMF is the function or signal that satisfies the following 2 conditions: 1) Throughout the time series, the number of extreme points t must be equal to that of zero crossings or the biggest difference between them is one;2) At any point, the mean value of upper envelope determined by the local maxima and the lower envelope determined local minima is zero [8] .
EMD, namely 'screening' process, are as follows [9] [10] :
Step I: find all the local maximums of ) (t x , and then all maxima and minima are all connected with the spline curve, then we get the upper envelope and the lower envelope, and denote the mean of them as ) (t m .
Step II: The original time series ) (t x minus mean of the envelope ) (t m is )
, and judge whether ) ( 1 t h meets the two conditions of IMF. If not, ) ( 1 t h will be regarded as the data to be processed and the first step will be repeated until )
Step III: The original time series ) (t x minus the first IMF )
, and then regard )
Step IV: Repeat the above steps until the last IMF ) (t c n or residual component ) (t r n becomes smaller than the expected value, or residual component ) (t r n becomes a monotonic function, and thus we can not filter out any IMF.
By this time, the decomposition process is completed, and the original time series ) (t x can be expressed as the sum of intrinsic mode function ) (t c i and the remainder ) (t r n , namely ) ( ) ( ) ( . EEMD principle is: using the statistical properties of Gaussian white noise that frequency is uniformity distribution, after adding Gaussian white noise signal, the signal is continuous on different scales, and this will promote anti-aliasing decomposition and avoid modal mixture.
EEMD process is as follows [11] :
Step I:Add white noise of the same length that meets the normal distribution to the original time series ) (t x , repeating m times, and then we can get m synthetic signals, namely,
Step II: Decompose each synthetic time series ) (t y i by EMD method, and then get their IMF components and remainder ) (t r i . (j=1,2..n)
Step III: Add the corresponding IMF components and evaluate their mean, to get the final EEMD results, namely,
the Energy Ratio of Each IMF Component
When the damage of packing film is different, it will produce the frequency changes, and then the energy distribution of discharge signal will change with the frequency distribution. In order to characterize the changes in the energy of discharge signal with frequency distribution, we use the energy ratio as the characteristic parameter. Therefore, in the experiment, each time we select the first 8 IMF components after the EEMD ,and then calculate the energy ratio between each IMF component energy and the total energy of the discharge signal ,and finally we get a feature vector consisting of 8 elements.
Computer Simulation Results and Analysis
Following the steps given earlier, according to the characteristics of the signal and the repeated test, we finally choose sym12 wavelet, the 6 scale decomposition, and get six-level wavelet packet coefficients. Thresholds are mainly hard threshold and soft threshold, because in the hard threshold processing, the resulting wavelet packet coefficient is poor in continuity, and it may cause the oscillation in signal reconstruction, then we chose the soft-threshold. The main component of the discharge signal signal is the high frequency part, so we conduct the threshold quantization to the low-frequency part, which is set Keepapp value of 0.8, set the threshold parameter of 0.2. Single discharge signal waveform after wavelet packet threshold filtering is shown in Figure 2 , and is mainly stationary signal, but what we need is the part that gets mutated in amplitude.
Through the above figure, it can be seen that the discharge portion of the signal is relatively short, and it is mainly stationary signal. In order to reduce the amount of data and save time, we only extract the discharge portion of the signal for subsequent feature extraction, and release stationary signal. Figure 3 is a group of eight IMF components obtained from intact discharge signal through EEMD. Fig.3 The first eight IMFs of discharge signals using EEMD 
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